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Abstract 
This work reports a method for the micro-fabrication of bismuth-film electrodes (BiFEs) suitable for trace metal analysis by 
stripping voltammetry. The sensors were fabricated by sputtering of a thin film of bismuth on the surface of an oxidized silicon 
wafer while the geometry of the devices was defined by photolithography. This approach for the formation of the bismuth film 
has some distinct advantages compared to the conventional bismuth electroplating method. These devices were tested for the 
determination of trace Tl(I) in aqueous samples by stripping voltammetry. 
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1. Introduction 
Stripping voltammety is considered the most sensitive electro-analytical technique and suitable for the 
determination of many metals and organics at trace levels
1
. Mercury, in the form of the hanging mercury drop 
electrode (HMDE) or the mercury-film electrode (MFE) has been the commonest electrode material in 
electroanalysis. However, the drawback of metallic mercury (used in the HMDE) and the mercury salts (used to 
electro-generate MFEs) is their toxicity. Bismuth-film electrodes (BiFEs) -consisting of a “film” of bismuth on a 
suitable substrate-, introduced in 2000, are a promising substitute to mercury electrodes
2
. Indeed, it has been shown 
that BiFEs have electroanalytical properties quite similar to mercury electrodes and can potentially replace mercury 
in stripping voltammetry
3,4
; yet, the main attraction of BiFEs is the negligible toxicity of bismuth. BiFEs are 
commonly fabricated by electroplating metallic bismuth on a suitable substrate from a solution containing Bi(III) 
ions
3,4
. More recently, microelectronic thin-film technologies have been applied for the formation of the active 
bismuth layer
5,6
; these involve sputtering of a thin film of bismuth on the surface of a substrate patterned by 
photolithography and lead to ready-to-use metallic disposable sensors. This approach for the formation of the 
bismuth film has some distinct advantages compared to the conventional electroplating method: i) the use of Bi(III) 
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 ions is avoided, leading to a simple experimental procedure; ii) a conductive substrate is not necessary; iii) the 
surface morphology and the geometry of the active electrode area can be accurately defined; and iv) the use of 
standard thin-film technology offers increased potential for mass-production of inexpensive and disposable devices. 
Electroplated BiFEs have been previously reported for the determination of Tl(I) which is an extremely toxic 
metal
7,8
. In this work, a modified method for the micro-fabrication of BiFEs is presented and the resulting devices 
were used for the trace determination of Tl(I) in aqueous samples by stripping voltammetry. 
2. Experimental 
2.1. Instrumentation 
A home-made potentiostat was interfaced to a Pentium PC through a multi-function interface card (6025 E PCI, 
National Instruments, TX). Square wave anodic stripping voltammetry (SW-ASV) was carried out by a purpose-
developed application programme in LabVIEW 7.1 (National Instruments). Experiments were carried out in a 
standard electrochemical cell incorporating a Ag/AgCl (sat. KCl) reference electrode and a Pt foil serving as the 
counter electrode.  
2.2. Chemicals and reagents 
All the chemicals were of analytical grade. Doubly-distilled water was used throughout. Working metal ion 
solutions were prepared from 1000 mg l
-1
 atomic absorption standard solutions after appropriate dilution with water. 
The stock supporting electrolyte was 1 mol l
-1 
acetate buffer (pH 4.5). A 2x10
-3
 mol l
-1
 stock solution of EDTA 
and a 1000 mg l
-1
 stock solution of Triton X-100 (BDH, Poole, England) were prepared in water. 
2.3. Fabrication of the bismuth sensors 
The conventional micromachining-microelectronic process for the fabrication of the BiFEs is illustrated in Fig. 1. 
The developed technology allows for the parallel realization of several cell-on-a-chip modules on the same Si wafer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Fabrication of the BiFE sensors 
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2.4. Determination of Tl(I) by stripping voltammetry 
The sensor was immersed into the sample solution and the pre-concentration was carried out at a potential of -1.2 V 
under stirring. After accumulation, an anodic SW scan was applied to the working electrode to a final potential of -
0.4 V while the voltammogram was recorded. After the scan, the bismuth film was cleaned of the remaining 
accumulated Tl(I) by keeping the potential of the electrode at –1.35 V for 10 s. After the cleaning step, standard 
additions of Tl(I) were made as required and the measurement procedure repeated on the same sensor.   
3. Results and discussion 
In stripping voltammetry, the sensitivity of detection can be increased by increasing the accumulation period. The 
effect of the accumulation time on the stripping peak height for the determination of 10 μg l-1 of Tl(I) is illustrated in 
Fig.(2a) suggesting a rectilinear response function. The calibration curve (stripping peak current vs. concentrations) 
for Tl(I) was linear in the concentration range 10-80 μg l-1 of Tl(I) at an accumulation time of 240 s; the 
voltammograms at increasing concentrations of Tl(I) are illustrated in Fig. 2(b) together with the calibration curve 
(Fig. 2(b)-inset). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Effect of the accumulation time on the stripping peak height for a solution containing 20 μg l-1 of Tl(I); (b) Voltammograms at 
increasing concentrations of  Tl(II) in steps of 10 μg l-1 for 240 s accumulation with lower trace the blank (calibration curve shown as inset)  
Previous studies for the determination of Tl(I) on MFEs and BiFEs have indicated that Pb(II) and Cd(II) are the 
major interferences since these metals can readily pre-concentrate on these electrodes and produce stripping peaks 
that overlap with that of Tl(I)
6,7
. To alleviate this problem, addition of EDTA is recommended that forms stable 
complexes with bivalent cations but not with Tl(I). Figure 3(a) illustrates the interference caused by Cd(II) and 
Pb(II) and the removal of this interference by addition of 0.1 mmol l
-1
 of EDTA. Fig. 3(b) shows an application of 
the proposed sensors to the determination of Tl(I) in a certified lake sample. The concentration of Tl(I) was 
determined as 4.0 ± 0.4 μg l-1 by means of a standard-addition plot (Fig. 3(b)- inset) vs. the certified value of 3.8 ± 
0.38 μg l-1.  
 
        
 
 
(a) (b) 
C. Kokkinos et al. / Procedia Chemistry 1 (2009) 1039–1042 1041
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Voltammograms of: (i) a solution containing 20 μg l-1 of Tl(I); (ii) a solution containing 20 μg l-1 of Pb(II) and Cd(II); (iii) a solution 
containing 20 μg l-1 of Tl(I), Pb(II) and Cd(II); (iv) as (iii) with 0.1 mol l-1 EDTA; (b) Voltammograms for the  determination of  Tl(II) in a lake 
sample steps of 10 μg l-1 for 240 s accumulation (from below: sample  and 2 successive additions of 4 μg l-1 of Tl(I)- standard additions curve 
shown as inset) 
4. Conclusions 
A method for the micro-fabrication of bismuth-film electrodes (BiFEs) suitable for trace metal analysis by stripping 
voltammetry was reported. The sensors were fabricated by sputtering of a thin film of bismuth on the surface of an 
oxidized silicon wafer while the geometry of the devices was defined by photolithography. This approach for the 
formation of the bismuth film has some distinct advantages compared to the conventional bismuth electroplating 
method. These devices were successfully evaluated for the determination of trace Tl(I) in aqueous samples by 
stripping voltammetry. 
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